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Abstract. Metropolitan centers usually do not reveal iso-diametric spatial 
configurations, as they have evolved with gradual non-homogeneous transformation of 
land. The spatio-temporal distribution of urban functions reveals centrality towards a 
particular area. The preferred centre usually identifies itself with accessibility and diversity 
in urban activities, which is usually synonymous with the urban core. Generally, the urban 
core develops due to greater densities in terms of the built up environment including 
commercial, industrial, residential, institutional, communication and other infrastructural 
features. Location of urban core is a product of both horizontal and vertical zonation of 
urban functions. Due to its complex and dynamic character, delineation of the urban core is 
a challenging subject of research. While the core itself is a complex unit, most large 
metropolitan cities have experienced the development of “multiple cores” as it expands, and 
has both spatial and temporal components. Effective and uniform techniques for delineating 
the core area of an urban center have been developed over time as, undeniably, it is of 
utmost importance to the urban planners, ecologists, architects, environmentalists, 
economists for the study of urban dynamics. This paper attempts to use geo-spatial data and 
use a composite of three important criteria for identification of the urban core, i.e., 
Normalized Difference Vegetative Index (NDVI), Mid-wave Infra-Red (MIR) & Thermal 
Infra-Red (TIR) band, DN variation analysis. The analysis finds that a composite of the 
three variables enable a clear delineation of the nodes. Further, data for two different time 
periods have been used to show decadal changes in the direction and extent of the dynamic 
nature of the core(s) vis a vis the changes in the peripheral domains as well. 
 
Keywords: Spatio-temporal Framework, Urban Core, Functional Nodes, NDVI, 
Automated Classification. 
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I. INTRODUCTION 
Every metropolitan centre has a unique identity that evolves through the 
complex nature of activities and interactions thereof. Such complex interactions 
create rapid changes in metropolitan structure, patterns and forms (Besussi et al. 
2010). This complexity however, is not ubiquitously present across the urban 
territory. It tends to agglomerate in a particular area based on certain conditions 
and develops a unique land use identity. Recent urban centers have been spreading 
out at a faster rate due to the development of polycentric forms with the 
accumulation of employment and population concentration (Anas et al. 1997, 
1996). Hartshorne et al. (1989) illustrated that the development of suburban area is 
regulated by the emergence of sub-urban cores and these cores were primarily 
independent from the traditional core or the central business district. Metropolitan 
centres in developing countries are characterized by a mosaic of heterogenic land 
use components (Pickett, 2001; Makse et al, 1995), which generate unique land 
utilization identities compared to its surrounding non-urban areas.  
Literature suggests that the complex environment of the core can be 
adequately examined in a spatio-temporal framework with the help of Geographic 
Information System (GIS) and Remote Sensing (RS) techniques.  Multi-spectral 
and multi-temporal data provides the scope of quick and cost-effective analysis for 
effective management, understanding and monitoring the land development 
patterns (Kumar et al. 2011; Geyman, & Baz 2008). This paper attempts to 
delineate the urban core of Kolkata, the most significant metropolitan region of 
eastern India, through the analysis of various spectral segments (bands) of 
LANDSAT TM (Thematic Mapper) and ETM+ (Enhanced Thematic Mapper Plus) 
data. Both single band analysis and their combined output has been generated for 
demarcation of the metropolitan core. For a comprehensive analysis, two data sets 
have been considered to look at temporal changes in the direction and nature of the 
core (s) of the Kolkata Municipal Corporation (henceforth KMC) area, consequent 
to urban sprawl over the decade.  
 
II. STUDY AREA 
The city of Kolkata with its history of primacy in the eastern part of India, 
is one of the significant metropolitan cities of the subcontinent. The Kolkata 
Municipal Corporation (KMC) is selected (including Fort William, Port and Canal 
regions) for this analysis. Presently this corporation extends from 22º 26' 53.64" N 
to 22º 38' 07.28" N latitude and 88º 14' 30.77" E to 88º 27' 37.56" E longitude with 
more than 4572876 habitants, covering 187.33 sq km (including Fort William, the 
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port and canals) area on the left bank of River Hooghly (Ghosh, 2006; Das Gupta, 
1995). According to Das Gupta (1995) ‘the physiographic setting of Calcutta, both 
at the time of its foundation in 1690, and in the present day, is dominated by the 
meandering river Hugli’. The western portion of the study area is bounded by the 
River Hugli, and the city has developed over the comparatively higher natural 
levee, around 2 to 5 km. wide. 
 
 
Fig. 1 Location map of Kolkata Municipal Corporation (KMC)  
(Landsat TM data, 14
th 
Nov., 1990) 
 
III. DEMARCATION OF URBAN MORPHOLOGICAL REGIONS 
Urban core is a part of an urban centre while the CBD is a morphological 
segment of the urban area linked with structural entities. Murphy and Vance (1960) 
in their ‘Delimiting the CBD’ noticed that in the central portion of the CBD region, 
there lies a commercial core. They also considered that this core is developed as a 
‘primary area’ and the rest of the urban centre is ‘secondary area’. This concept 
was also expressed by Hoyt (1939), Dickinson (1947), Form et al. (1954).  
Leinberger (1988) evolved a model classifying six types of urban cores as found 
across cities in the USA in the 1970’s. 
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Recently Bryant (2004) and James et al. (2009) highlighted that modern 
urban landscape developed around the city core creating various urban habitat 
niches. Ecologically, the urban core is very sensitive as rents determine intense use 
of land, thus moving away from provisions of open spaces and greenery. 
In the study of urban land utilization dynamics, spatial information system 
is closely linked with the ‘Land Information System’ in the context of Remote 
Sensing technology (Herold et al. 2003; Clarke et al. 2002; Batty et al. 2001; 
Donnay et al. 2001; Alberti et al. 2000; Jensen et al.1999). Importance of remotely 
sensed multi-spectral data of the metropolis by using soft computing technology 
for recognition and assessment of complex and heterogeneous characteristics is 
also reflected in the works of Augusteijn et al. (1995), Defries et al. (2000), Rogan 
et al. (2003 and 2004), Sokhi (2006), Cheriyadat et al (2007), Haque et al. (2010) 
and Dlamini (2011). During the last decade, the analysis of individual band 
characteristics successfully led to more precise micro-zonation of urban 
environments. Dekker (2003) used the DN (Digital Number) analysis technique on 
ERS SAR image for updated mapping of an urban area in Netherland. Cellular 
Automation model i.e. SLEUTH has been used for urban land dynamics studies by 
various scholars and institutions in the different parts of the world. Herold, et al. 
(2003) calibrated the multi-spectral satellite data set based on SLEUTH urban 
growth and land use change model. Gradually USGS (2003), De Martinao et al. 
(2003), Qihao & Lu, (2007), Song (2007), Myint (2007), Mallick, et al. (2008), 
Faris, et al. (2010) and Bhatta (2010) analyzed the band’s DN value of satellite data 
to develop the micro-zonation of complex urban environments.  Considering the 
importance of multi-spectral data in urban morphological analysis, the present 
paper seeks to use it to identify the urban core of Kolkata Metropolitan 
Corporation, West Bengal, India. 
 
IV. METHODOLOGY: 
 
The study attempts to focus upon geo-spatial approaches to morphological 
analysis of urban regions. It uses a combination of three analytical aspects 
commonly used for land use-land cover studies in the domain of image processing. 
 
IV.1. Data set used in this study 
Two different datasets of Landsat TM and ETM+, for two different years 
(1990 & 2000) were used for the image analysis of the study area (KMC). TM 
(Thematic Mapper) of 14
th
 November, 1990 and Enhanced Thematic Mapper Plus 
(ETM+) of 17
th
 November, 2000 were deemed from the open access site of Global 
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Land Cover Facilities (GLCF), prepared by USGS Data Centre, for the analysis. 
The data was radiometrically and geometrically corrected through the co-ordinate 
system of Universal Transverse Mercator projection (UTM) and World Geodetic 
Datum (WGS84). This data set is more useful for the study of the urban 
heterogeneity milieu from the old urban core to fringe (Hipple et al. 2006; Banzhaf 
et al. 2007). Spectral and spatial properties of these two datasets are mentioned 
below in Table 1. 
 
 
Table 1. Spectral and Spatial Properties of LANDSAT  Thematic Mapper (TM) and 
Enhanced Thematic Mapper Plus (ETM+) Data 
BANDS 
LANDSAT 5  
(TM, 14th Nov. 1990) 
LANDSAT  7  
(ETM+, 17th Nov. 2000) 
Spectral  
Resolution (µm) 
Spatial  
Resolution (m) 
Spectral  
Resolution (µm) 
Spatial  
Resolution (m) 
I  Blue 0.45-0.52 30 0.45-0.52 30 
II  Green 0.52-0.60 30 0.52-0.60 30 
III  Red 0.63-0.69 30 0.63-0.69 30 
IV  Near Infrared 0.76-0.90 30 0.76-0.90 30 
V  Middle Infrared1 1.55-1.75 30 1.55-1.75 30 
VI  Thermal Infrared 10.40-12.50 120 10.40-12.50 60 
VII  Middle Infrared 2 2.08-2.35 30 2.08-2.35 30 
Panchromatic n/a n/a 0.50-0.90 15 
Source: Angel et al (2005) 
IV.2. Operational basis of this study:-  
For the delimitation of metropolitan core, a composite of three indicators 
have been used for the analysis:  
1. Calculation of NDVI,  
2. Automated classification of Mid-wave Infra-Red (MIR) & Thermal Infra-Red 
(TIR) band,  
3. DNs’ variation analysis. 
The ILWIS 3.2 Academic software was used for computation and 
classification in the analysis. Due to the maximum dependency upon the features’ 
identities, the unsupervised system of image classification is used in this study as a 
‘feature based grouped-up technique’ of the image pixels.   
 
IV.2.1. Calculation of NDVI: 
Normalized Difference Vegetative Index (NDVI) is a calculation of the 
photosynthetic output of the pixels in a satellite image (Fig. 2a). It measures, in 
effect, the amount of green cover in an area. NDVI calculations are based on the 
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principle that actively growing green plants strongly absorb the visible region of 
radiation spectrum (the PAR, or Photosynthetically Active Radiation) while 
strongly reflecting the Near Infra-Red (NIR) region of electromagnetic spectrum. 
The concept of vegetation’s spectral signatures patterns of a certain region is 
calculated based on this principle, which is given in the following abbreviation: 
 
, where,  
 
PAR=Value of Photosynthetically Active Radiation from a pixel, 
NIR= Value of Near-Infrared Radiation from a pixel. 
 
IV.2.2. Automated classification of Mid-wave Infra-Red (MIR) & 
Thermal Infra-Red (TIR) bands 
Every pixel in digital data has two attributes (a) reflectance energy value in 
terms of digital numbers (DNs), (b) positional address in terms of column and row.  
Each pixel has its own DN value in various energy frequencies correspond to the 
earth’s surface. Owing to the unique reflectance capability Dlamini, (2011), Faris 
et al. (2010) used MIR data (band V) of ETM+ along with band III and IV for land 
use and land cover class delimitation. On the other hand Zhangyan et al. (2006) 
used band V to recognize water bodies as well as impervious land surface and band 
VI (TIR) to find the surface thermal radiance. Hung et al. (2006) have successfully 
worked on TIR (band VI) data of ETM+ for the identification of surface 
characteristics of Asian mega cities. In the field of remotely sensed data analysis, 
TIR band has played a vital role for the information generation of urban land uses 
(Mallick et al 2006).  
For this study, single band of MIR and TIR has been clustered 
automatically to create zones of dominant features. Here, it is necessary to club the 
spectral range of data in few groups creating some zones based on features’ 
signature characteristics. After ground truth verification of the different classes, the 
identity of surface dominant features is recorded by a primary survey. Thereafter, 
the average reflectance values of each class are clubbed together.  
 
IV.2.3. DN analysis 
The metropolitan environment has a complex nature in terms of land 
utilization. Subsequently, the reflectance identity of pixels varies in quick 
succession, even within a very small distance. Data of sample pixel are generated 
for the individual band along the lines from a fixed common point (shown in Fig. 
4). Here the main building of Fort William is considered as a common point. The 
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lines are fitted by the interpolation method. The urban built up area has a character 
of low or negative NDVI (means NIR reflectance is negligible and red reflectance 
is high because the concrete structures are not photosynthetically active 
components). It is also characterized by high thermal reflectance. The variation 
level of other energy wavelengths basically depend upon the structural properties 
of the objects. So at any given place, the DN values illustrate the nature of land 
segment and its utilization. The graphical representation (Fig. 6) of individual 
energy level (in terms of DNs value, which is recorded in the particular band) 
depicts the nature of variation of that energy in terms of land uses. Radial 
configuration of the several axes with DN variation from a fixed point shows the 
variation in land utilization in the study area. For this analysis, knowledge of 
objects’ signature characteristics is considered most vital to reckon the features, 
especially for the metropolitan region, due to complexities created by overlap. 
  
V. RESULTS AND DISCUSSION 
Densely built-up structures are revealed by low NDVI pixels. The 
demarcation of the non-vegetated area from green vegetated pixels helps identify 
the non-vegetated areas. The non-vegetated area may have different densities of 
built-up structures. It is assumed that the densest would acquire centrality and 
therefore may be identified as the core. While high value MIR spectrum is 
responsible for the juvenile grass covered surface, low MIR value indicates 
presence of water in the plants, surface and soil, thus it is essential for the study of 
plant vigour, water bodies and moist condition. High value of TIR spectrum 
signifies concrete structures. Thus, combined visualization of low NDVI, moderate 
MIR and high value of TIR indicates compact urban environment and when 
superimposed, the intensity of this value shows the degree of concentration of 
built-up environment. 
 
V.1. Major land-cover domains 
The NDVI output reveals the extent and nature of the built-up area with its 
low values coinciding with the centrality of urban functions (Fig. 2a) of TM image 
(14
th
 November, 1990), where, concretised surfaced (i.e. compact built-up) and 
deep water body areas show the minimum value of NDVI within -0.2. The nature 
of NDVI values in different types of land categories are: 
Built-up Area  
In the KMC territory, the highly compact built-up areas have been found to 
coincide with lowest NDVI. Development of concrete structures usually generates 
two types of changes in the ground surface configuration. These are (a) alteration 
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of surface forming materials which are basically responsible for the thermal 
reflectance rather than the other frequency domains of EMS, (b) it converts the 
natural surface of earth to two extremes i.e. specular surface (almost flat) or 
diffused surface (Lambertian or rough). Specular surface is found only in extensive 
structures which have extreme ground coverage. Over most built-up regions, a 
characteristic ‘urban canyon’ is found, which shows the Lambertian nature of 
surface. Presence of rough Lambertian surface reduces the amount of NIR, 
increasing Red spectrum of energy domain. For this reason, the built up surface 
generates negative and low NDVI value (least value is recorded from TM data of 
1990 as - 0.17 for the old built-up areas of Bara Bazar). It varies from one built up 
unit to another. In terms of compact built up environment, similar NDVI values are 
found in six different parts of the KMC, these regions are located in (a) Esplanade-
Dalhousie-College square-Bara Bazar-Sova Bazar, b) Chitpur, c) Chowringhee- 
Park Street-Park Circus, d) Rashbehari-Gariahat, e) Port area-Khidirpore, f) 
Metiabruz. Except for these compact regions, low but positive NDVI values (avg. 
0.16) are recorded in the area surrounding the most compact zone. Because of the i) 
availability of more chlorophyll domains (green vegetation) within the built up 
environment and ii) instances of the green vegetation superimposed upon the 
concrete structures – plantations alongside roads, parks and gardens etc. 
In 2000 data (ETM+) all previous compact built up areas have expanded 
their coverage and three new compact urban patches have developed as new 
metropolitan functional centres, these are at a) Behala and its surroundings - lies in 
the south-western portion, b) Garia-Jadavpur area – develops in south-eastern side, 
c) Baghajatin and surroundings regions – situated in south-eastern (north-west 
corner of Garia-Jadavpur area) region of KMC.  
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Fig. 2 Basic operations: (a) NDVI output of TM and ETM+ data of KMC; (b) Clustered 
MIR band of TM and ETM+ data with dominant features and (c) Clustered zones of TIR 
band of TM and ETM+ data with dominant features. 
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Vegetation and Grasscover:  
The NDVI value is higher over the chlorophyll contained green vegetated 
land as young grass is reached by active chlorophyll, thus the juvenile grass area 
contain more NDVI value compare to the canopy added trees. Grass patches in 
Chingrihata, Royal Golf Club contain the NDVI value of 0.6 or more (although the 
avg. value is 0.53). The marshy land with Scirpus articulates also makes for high 
NDVI, whereas, in some agricultural fields the NDVI value is calculated slightly 
less (here 0.35) than the grass or marshy land. On the other hand the canopy 
vegetated land builds comparatively low NDVI and erected in non-homogeneous 
way. In 2000 the grasslands have undergone considerable shrinkage compared with 
1990 coverage. In that time these were found in the vast area Sarsuna-Krishnapur 
(southern portion of ward no. 126), Purba Barisha (eastern portion of Ward 123 & 
southern patch of Ward 124), Duttabad region (around shrivelling wetlands in the 
ward no. 58).  
The coverage of green wooded vegetation also declined has become more 
fragile over the decade; this condition is basically seen in the Mukundapur, 
Baghajatin, Jadavpur, Tollygung and Behala region. In Garia, the built up 
environment has crossed the Corporation boundary along the major roadways as 
also the major halts of the underground railway, which bears evidence of urban 
expansion in this direction. Built-up structure development creates the fragile 
condition of tree patches and minimizes the vegetation cover area.  
Water Bodies:  
The least value of NDVI is recorded over the water body in the eastern side 
of KMC, and it is estimated -0.42 for TM data. Because of high transmittance, with 
the absorption of energy at NIR and beyond wavelength (Lillesand, et al. – 2009) 
this segment of earth’s surface shows the minimum value of NDVI. In the water 
body the reflectance texture of energy, structure and shape of this spatial segment 
demarcates its identities easily from the other objects. In the eastern portion of this 
metropolitan centre, major part of water bodies including the presence of grass or 
shrubs creates the wetland environments. In ETM+ data the region of less (in 
negative) NDVI increased rapidly in out ward direction of the earlier functional 
regions. In this light the negative NDVI value is also found in the two segments of 
land use, these are concrete built up area and water body. In the eastern wetland 
segments the average value of NDVI is recorded as -0.18 whereas in the port water 
IDENTIFICATION OF METROPOLITAN CORE :… 
195 
 
body average value is detected more negative (here it is -0.27 but the least value is 
estimated as -0.35 for the all water body), because of the absence of grass/ plants.   
 
V.2. Physical zoning based on MIR & TIR emission:- 
The band of MIR and TIR data are analysed separately for the 
development of various zones of different land classes. MIR portion of EMS is 
responsible for the presence of water in the plants and soil, thus it is essential for 
the study of water contained features recognition (Fig. 2b). The data of MIR is 
clustered into four zones (water body, concrete, vegetation and grassland). In this 
process, the concrete structures are easily extracted from others. Here, the analysis 
of this band is vital for the separation of moisture contained features from the 
concrete structures. In the1990 data, the MIR emission is varied from feature to 
feature, like for the water body it is very low (average value is recorded as 35), 
concrete structures create the emission level of 40 value, vegetation cover makes it 
45 whereas in the grassland it record as 190. But in the data of 2000, the reflection 
scenario has changed dramatically. In water body, concrete, and vegetation area 
this value is increased but for the grassland segment it declined vigorously.  
 
 
Fig. 3 Overlaid output of NDVI and MIR with various land categories in the study area; a) 
TM data output, b) ETM+ data output 
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Fig. 4 Distribution of radial lines on overlaid output of NDVI, MIR and TIR with various 
land categories in the study area; a) TM data output, b) ETM+ data output 
Whereas for the data of TIR band, the total range of DNs value is clustered 
into five different zones (moist land, juvenile grass cover, old concrete structure, 
high/shadowed structure and concrete / bare land) through the soft computing 
unsupervised methodology (Fig. 2 b & c). Gradually, built-up structure with 
concretization and high elevated features are marked visually. TIR band segment 
shows the surface emitted heat influx in the form of 10.40-12.50µm wavelength. 
TIR is useful for the night time thermal mapping and estimating soil moisture, 
thermal mapping, demarcating the geothermal regions (Fig. 2c). In 1990 data, the 
maximum DN value of Band VI (TIR) is found in the old concrete area (avg. value 
is 143), and over the new concrete area reflectance is comparatively less (its value 
is 132). The grass and vegetation area show this value around 128 to 129 but due to 
the high transmittance rate water body reflects least amount of TIR energy 
emission. On the other hand, for the data of 2000, the compact built up area 
represented highest value of TIR reflectance (avg. value is recorded as 177 and 
more); in the grassland this value is determined as 130 and water body, it is 95. The 
overlaid output of NDVI and clustered MIR separated compact built-up and other 
built-up area from the others land uses easily (Fig. 3a & b). Because in these two 
classes, NDVI is negative or less with increasing MIR emission. So the combined 
analysis of these two bands’ output is performed vital role to delimitate the 
continuous built up area than the others.  
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VI. Delineating the Core Areas: 
Through the combined analysis of NDVI, MIR and TIR output, the built-
up area is demarcated easily with a tonal variation of green and blue colours across 
the final image (Fig. 4a & b). Each pixel for this class bears least value of NDVI 
and MIR, maximum value of TIR emission. In these overlaid outputs, compact 
built-up areas are found with dark tonal variation of blue and green colour.  In the 
both data, Band III and IV are used for the NDVI creation, whereas MIR (Band V) 
or TIR (Band VI) is represented separately. Along the radial lines, which are 
shown in Fig. 4a & b, the graphical output is generated by the interpolation method 
to show variations of these three dimensions i.e. NDVI, MIR, TIR. The reflected 
characteristics of each band create the ridge and valley structure along the linear 
stretches (represented graphically). For example, in the case of TIR, the ridged 
nature of graph depicts the continuous presence of built-up environment, but for 
this land use domain the nature of NDVI and MIR have declined trend and create 
valley. In this research, ten lines are stretched radially from the main building of 
Fort William on the both overlaid images (Fig. 4a & b) for the delimitation of 
contiguous built-up environment. 
In the graphical representation of NDVI (Fig. 5), the valley portion is 
responsible for the concrete structures, so the continuous valley formation indicates 
the continuous intense development of urban built up environment. While 
concavity of the NDVI line graph makes for built up structures, the magnitudes of 
concavity shows the degree of compactness, which is synomymous with the 
metropolitan core. In all the graphs generated from the1990 data, a large area of 
metropolitan core is formed. This main segment is considered here as the ‘primary 
core’. Beyond the primary core, relatively smaller cores / functional units are found 
to have emerged, but these are discontinuous because of the presence of vegetation, 
grass covered patches, open spaces. These functional units are considered as 
secondary cores. 
By year 2000, the primary core has extended in the easterly and south-
easterly direction, and the marginal cores have also extended its coverage (Fig. 7). 
In MIR reflectance as the low value is found over water body, the decline nature of 
reflectance line indicates the extensive presence of water bodies, where the peaked 
portion of line graph of EMR is responsible for the juvenile grass covered land. In 
both data this band is very vital for the separation of these features (basically 
chlorophyll segments and water bodies) from the built-up. Also, it is important to 
distinguish water bodies to overlay the NDVI output with MIR zonation map. 
Whereas the TIR reflectance is very high for the road, building and the other 
concrete structures and is very low for the water bodies.  
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Fig. 5 Graphs showing DN status of the observed objects in different spectral levels along 
the lines (in yellow colour) shown in Fig. 4. 
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Fig. 6. Demarcation of metropolitan functional units ; a) distribution of the functional cores 
in KMC in two years, b) categorization of metropolitan units in primary core, secondary 
core and newly developed nodes with the advancement of built-up area in KMC. 
Based on the above analysis and observation it is found that Kolkata has a 
single main urban functional core, which is considerably more continuous than the 
relatively smaller disjointed nodes. Kolkata’s historical development shows this 
primary core to have always been the Central Business District, performing key 
administrative, financial and wholesale-retail functions. Over the years, this central 
node has expanded, but has continued to play the pivotal role in establishing the 
identity of the city. This historical central entity bears the traditional identity of 
Kolkata in terms economic, administrative, communication, as well as cultural 
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context, made resplendent through British architecture and design. The narrow 
serpentine lanes of the old settlement also bear the stamp of the regions history.  
This spatial unit considered primary metropolitan core (marked by C1 in the Fig. 
6a) also has its share of problems, as Racine (1990), found that this area is affected 
by various problems like- shortage of land, high land price, dilapidated condition of 
buildings etc.  
In 1990 this core covered a vast area of Bara Bazar, Bow Bazar, Dalhousie, 
Esplanade, Chandni, Sealdah, College Street, Raja Bazar, Bag Bazar, Sova Bazar, 
Machhua Bazar etc. The names of the localities associated with the term ‘bazar’ 
(means ‘market’) is also characterised with the maximum intensity of business and 
commerce. Apart from housing the key central administrative functions (like the 
Writers Buildings, Calcutta Collectorate, Eastern Railways Head Office, New 
Secretariat Buildings, Calcutta Police Headquarters), judiciary functions (Calcutta 
High Court, Bankshall Court (Criminal), City Civil and Sessions Court), the 
General Post Office, The Raj Bhavan or Governers’ Residence). The financial hub 
consisting of Calcutta Stock Exchange, Reserve Bank of India, Imperial Bank (now 
State Bank), Calcutta Chamber of Commerce etc. The primary core has also been 
home to wholesale [as in Burra Bazar, Chandni, Machhua Bazar, College Street 
(which also housed the oldest academic institutions like the Calcutta University, 
Presidency College, Scottish Church College, Hindu School etc.)] and retail 
functions till date. The oldest corporate offices like Gillander Arbuthnot, Andrew 
Yule, Shaw Wallace etc. have been housed here. Logistics, storage and 
warehousing facilities along the Strand is another key function.  
Over the decade, by 2000, the primary metropolitan core has expanded 
only slightly (given the limited scope) and increased its compactness. The 
corporate head offices, chief operational units, wholesale and higher order retail 
activities continue to be located here. Over time, with urban expansion, new urban 
centres / nodes have evolved that bear intensity of urban land use, but are located in 
considerably lower densities of built-up space, located as either substitutes of the 
main core or extensions of the same. These ancillary urban functional units have 
been identified as secondary cores of metropolitan area. Their spatial extension is 
much smaller in comparison with the primary core area but the pace of growth was 
much higher than the primary core, which was saturated.  Within KMC, these 
secondary cores were located in five different easily identifiable locations in 1990, 
e.g., a) C2 (Chitpur), b) C3 (Chowringhee- Park Street- Park Circus), c) C4 
(Rashbehari - Gariahat), d) C5 (Port area-Khidderpur), e) C6 (Metiabruz). But the 
2000 imagery shows an increase in area (Tab. 2) and compactness.  Alongside, the 
most interesting feature is the development of three new urban centres (or 
functional nodes located at the fringes of KMC – being at Behala-Taratala (C7), 
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Jadavpur-Garia (C8), and Baghajatin-Mukundapur (C9). These newly developed 
nodes are characterized by the mixed use of residential and commercial with its 
supporting functions in the form of services. These have been classified as ‘Newly 
Developed Urban Nodes’. Table 2 further explains the spatial extent of cores and 
nodes of different levels, showing the change in area between 1990 – 2000 and the 
areal extent for the newly developed nodes. 
 
Table 2 Types of Functional Centre/ Nodes and their Areal Coverage  
in 1990 (TM) and 2000 (ETM+) 
Type of Centre 
Area (hecters) 
Category 
TM (14th Nov. 1990) ETM+ (17th Nov. 2000) 
Primary Core 1519 2309 C1 
Secondary Cores 
148.8 340.9 C2 
428.3 672.6 C3 
530.3 1117 C4 
135.7 298.8 C5 
106.8 157 C6 
Newly Developed Nodes 
- 418.3 C7 
- 648.7 C8 
- 261 C9 
Computed by authors 
VII. CONCLUDING REMARKS: 
Kolkata is shaped by both the local economic as well as broader regional It 
is striving, like most metropolitan cities of developing economies under neo-liberal 
influences, to be a part of the global network.  Under such influences, a 
considerably higher proportion of capital inflow has marked the changes seen here 
over the decade.  
The analysis in this study concludes the following key factors: 
- KMC does not survive with a single core, like any other metropolitan 
city of the world today;  
- several secondary cores developed over time to support the expanding 
functions of the city; 
- between 1990 and 2000, five new functional nodes emerged  in south, 
east and south-eastern fringes; 
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Fig. 7. Location and extension of Metropolitan Cores (comprising primary core, secondary 
cores and newly developed nodes) of Kolkata Municipal Corporation (1990 to 2000) 
- the three newly developed urban nodes have formed in the same direction, 
(i.e., south, south-east) which implies that this region now needs to be the 
focus for planners; 
- expansion and formation of new built up spaces around the metropolitan 
cores is replacing the natural segments of land cover like open land, 
grassland, wetland, which subsequently become exposed to environmental 
degradation; 
- the expansion and extent of nodes have no preparatory planning;  
- such analysis can be used effectively to recognize new areas and evolve 
plans thereof.  
The newly emerging nodes are characterized by a large number of services, 
expansion of road networks and flyovers for increasing connectivity. C9 node has 
developed as a health hub of sorts with six hospitals, two malls, several elite and 
gated residential communities and a handful of institutions. It is also linked well 
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with the road-rail-metro network with facilitated transport services. The process 
has been without reference to any formal plan for landuse- landcover change. It 
could have been better planned in a framework of land use controls and related 
policy initiation as it is dotted with wetlands and water bodies. This only goes on to 
indicate the immense necessity of proper assessment and constant review of land 
use characteristics and impose strict regulations while land use changes occur in 
newly developing fringes of the city. 
Thus detection and delineation of cores, other nodes, peripheral land use / 
land cover are most vital for efficient administration and planning. Land use 
information and its study with the help of image analysis create valuable data base 
and assist the process of urban management and planning. In the case of Kolkata 
which is bounded by R. Hooghly in the western side, older urban areas in the north, 
natural wetlands to the east, there is a compulsion for expansion towards the south 
and south-easterly direction.  Expansion of urban built-up environment in these 
directions shows the possibilities of further analysis such that changes in these 
areas may be adequately planned for a better urban future. 
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